At last, clear evidence has been obtained, from transformation of the pollen incompatibility reaction of Brassica, that angiosperm self-incompatibility involves separate genes for the pollen and pistil incompatibility recognition processes. The problem of how the pollen and pistil components of angiosperm self-incompatibility reactions are inherited has a long history but, despite a great deal of effort, has remained unsolved. A recent paper [1] has now provided evidence for separate pollen and pistil genes in a selfincompatible Brassica species. In many self-incompatible plants and fungi, self-incompatibility loci were first defined by classical genetics. This work revealed very high allele numbers, controlling multiple different specificities, in both plants such as Brassica (for example [2] ) and fungi (for example [3] ). The self-incompatibility locus of Brassica was the first to be studied at the molecular level, with the cloning of a gene encoding a stigmatic glycoprotein that differs between different incompatibility types [4] . This gene, named SLG for its S-locus glycoprotein product, is expressed at high levels at the stage of stigma development when the self-incompatibility reaction develops.
The problem of how the pollen and pistil components of angiosperm self-incompatibility reactions are inherited has a long history but, despite a great deal of effort, has remained unsolved. A recent paper [1] has now provided evidence for separate pollen and pistil genes in a selfincompatible Brassica species. In many self-incompatible plants and fungi, self-incompatibility loci were first defined by classical genetics. This work revealed very high allele numbers, controlling multiple different specificities, in both plants such as Brassica (for example [2] ) and fungi (for example [3] ). The self-incompatibility locus of Brassica was the first to be studied at the molecular level, with the cloning of a gene encoding a stigmatic glycoprotein that differs between different incompatibility types [4] . This gene, named SLG for its S-locus glycoprotein product, is expressed at high levels at the stage of stigma development when the self-incompatibility reaction develops.
The investigation of a family of genes with sequences related to SLG, and their physical mapping, led to the discovery of a closely linked gene, named SRK for its stigma-specific S locus receptor kinase product, with a 5′ domain similar in sequence to SLG. SRK is also appropriately expressed in stigmas, though at low levels. Similar SLG-SRK gene clusters, or haplotypes, have been found in many different self-incompatible Brassicas (for example [5] ), though haplotypes with more than one SLG locus [6] , and haplotypes with none [2] , are now being discovered, suggesting that the essential stigma component of self-incompatibility recognition function is the SRK gene. This suggestion has recently received direct support from experiments with transgenic plants. These experiments have shown that SRK expression alone is sufficient to change from one stigma specificity to another, while expression of SLG from the same haplotype is not, though it does appear to enhance the strength of the new incompatibility reaction conferred by a SRK transgene [7] .
The nature of the gene that controls the pollen component of the recognition process has remained mysterious. Self-incompatibility exists in two main variants: gametophytic systems, such as those in Solanaceae, Rosaceae, Papaveraceae and Scrophulariaceae, in which a pollen grain's own genotype determines its incompatibility type; and sporophytic systems, such as that of Brassica, in which the incompatibility depends on the two genes in the plant producing the pollen. In either form of self-incompatibility, there are two possibilities for the control of pollen incompatibility type. One possibility is a single-gene model, in which pollen grains and stigmas carry the same protein, and incompatibility is triggered when they match (perhaps involving another 'adaptor' protein that judges whether the two proteins match). The alternative is a two-gene model, with one gene for a pollen 'key' and the other for a stigma 'lock', working rather like the kind of bicycle lock where one has to use the key to lock it -that is, a correctly fitting combination leads to pollen incompatibility.
In gametophytic systems that involve RNases in the transmitting tissue within which pollen tubes grow, the two-gene mechanism might work by the pollen 'key' leading to the generation of active RNase that is capable of destroying growing pollen tubes, whereas non-matching alleles lead to inhibition of RNase [8] . The inhibition occurring with non-matching alleles would presumably be irreversible, so that there is no active RNase when a compatible combination is present. Unlike single-gene models, it is very difficult to imagine how new specificities arise if there are two genes, because a change in the The Brassica genomic region containing the self-incompatibility genes, showing the other genes that have been discovered in the region in the S9 haplotype and their tissue expression patterns (from [5] ), and the SLG-SRK region of the S8 haplotype (from [1] ). The red arrows indicate the orientations of each gene.
pollen 'key', say, will stop it fitting the 'lock' encoded by the same haplotype, and so will lead to self-compatibility, and not to a new incompatibility haplotype.
There is no incontrovertible evidence to rule out a singlegene model, in either of the two forms of self-incompatibility. Until recently, tests using pollen-expressed constructs in transgenic plants were not possible, and so only the identity of the female-expressed recognition function could be tested. A recent test [9] involving pollenexpressed constructs in the tomato relative Lycopersicon peruvianum gave negative results -the constructs did not affect pollen incompatibility -suggesting that the pistil protein is not involved in pollen specificity, but these results could have been due to some abnormality in pollen expression. Apart from this, the chief evidence is that the pistil S gene products have either not been detected in pollen [10] , or are present at a low level, both in S-RNase systems [9] and in Brassica (for example [4, 11] ). These results might possibly be attributable to technical difficulties, or even to the possibility that the nature of the transcripts is not as anticipated [12] .
Physical mapping of the Brassica campestris S-gene region has finally yielded a gene that satisfies the necessary criteria for the candidate pollen incompatibility locus: linkage to the S loci already identified (in this case, between SLG and SRK), polymorphism between different alleles, and expression in anthers or pollen. Several candidate loci (Figure 1 ) have been found [5] . Definitive empirical evidence that one of these is indeed a second gene controlling pollen specificities requires the demonstration that a new pollen specificity is acquired when the candidate sequence is introduced as a transgene into a recipient plant. Positive results of this kind have now been obtained [1] . This new work has identified as the pollen recognition locus a gene, SCR (Figure 1) , encoding a cysteine-rich protein that is similar to a previously identified family of pollen coat proteins. SCR is apparently identical to SP11, a gene recently identified from pollen mRNA as a candidate pollen recognition gene [5] . The polymorphism of this gene is impressive, with a maximum of 42% amino-acid identity between the allelic products, based on sequences from three haplotypes [1] .
A surprise is that the SCR gene is expressed in pollen grains, not, as expected, in diploid sporophytic tissue. This need not rule it out of consideration as the pollen recognition locus, because the pollen coat proteins could be secreted by developing pollen grains and end up on coat grains other than themselves. If this is correct, this would require revision of the long-held belief that the self-incompatibility system in Brassica involves sporophytic expression of the gene controlling pollen recognition, and the terminology should probably be changed accordingly. Before any such change, the new interpretation will require explicit independent testing. If it proves correct, it will also imply that dominance of some alleles over others can occur as a direct result of the properties of the allelic proteins, an unusual situation that should be rewarding to understand. The two-gene model can readily accommodate different dominance relations between alleles in the pollen and pistil, though it is less easy to see why, if two quite different proteins are involved in the two functions, dominance hierarchies are frequently similar in both of them.
The biggest puzzle posed by this new evidence favouring a two-gene model is, as outlined above, the problem of how the multiple specificities evolve. A recent paper [13] proposes a solution to this conundrum. This paper reports experiments with transgenic Solanum chacoense, a Dispatch R185
Figure 2
A possible scheme for the generation of new functional self-incompatibility alleles in a two-gene model, showing the mutational steps needed to convert an initial specificity to a new one, via dual-specificity haplotypes. The gene for the female (pistil/stigma) recognition is denoted by S F , with further subscripts to give the specificities of pollen that it will reject, and the gene for the male (pollen) recognition is denoted by S M . The model assumes that a female allele with specificity x as a result of a particular amino acid residue at a given site acquires an additional (y) specificity by a change at a second site. In the gene for the male determinant, however, acquisition of the y specificity would need to cause loss of the original x specificity (or else a fourth mutation is needed). See text for details.
species with an RNase-based self-incompatibility system. Using a construct with a pistil-expressed promoter, plants homozygous for the S 60 allele were transformed with a sequence identical to an S 11 allele, except for three codons that were altered to match those of an S 13 allele sequence. The plants that expressed this artificial allele rejected pollen carrying either S 11 or S 13 (as well as pollen carrying their resident S 60 ).
The possibility of such 'dual-specificity alleles' suggests a two-step model for generating new specificities [13] . The first step to a new functional S allele, the overall transition being say S x → S y , could be a change in the pistil recognition. An S Fx allele -for specificity x in the female function -that recognizes the x pollen specificity might change to a dual function allele that recognizes the y specificity as well. Such an S Fxy allele should be a neutral variant of its progenitor S Fx allele, and could therefore persist in the population without suffering the disadvantage of self-compatibility. This first change must be followed by a change in the pollen recognition reaction to create the male determinant that is specifically recognised by the new type y pistils; this would produce a new haplotype with female and male alleles, S Fxy and S My respectively, which as required would be both self-incompatible and cross-compatible (Figure 2) . Finally, loss of the dual specificity by replacement of S Fxy by S Fy could lead to a complete new functional S haplotype, S Fy -S My .
On closer examination, however, this scenario appears less easy to accept. At least three neutral or advantageous mutations must successively replace the original alleles of a single haplotype, and the second of them must create a male determinant that is rejected only by the new pistil y specificity of this haplotype (but not by its x specificity). This seems unlikely for each new specificity, as the number of specificities is very high. Thus dual specificities do not easily solve the dilemma of how two-gene selfincompatibility systems evolve, but leave us with a new and intriguing problem.
